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Abstract 
The conventional current control of shunt active filters deals with the design of controller 

in order to track harmonic reference currents with the lowest possible error. An indirect 

current control appears to be an alternative approach for active filter control. This method 

focuses on the control of reference source current rather than harmonic current. As a result, a 

simple Proportional–integral (PI) controller can be used in the control design which is one of 

the main benefits. However, to obtain suitable controller parameter they require considerable 

design effort. In this paper, a new design of PI controller for indirect current control for a 

single-phase shunt active filter has been proposed. Optimized controller parameters are 

obtained through the use of Genetic Algorithms (GA). Reference source current is derived 

based on a single-phase synchronous d-q reference frame. Simulation results are presented to 

validate the proposed design method. 

Keywords: Single phase shunt active filter, Indirect current control, PI(Proportional-   
Integral), GA(Genetic Algorithms) 

 

1. Introduction 
Nowadays, computers, communication 

devices and automation devices are 

examples of loads which widely use. By 

using these devices, harmonic current is 

generated while reactive power is consumed 

i.e. a rectifier for AC-DC power conversion. 

These nonlinear loads cause voltage 

distortion and even harmonic problems. For 

the single-phase system to remove 

harmonics generated from nonlinear loads, a 

single-phase active power filter is one of 

very effective devices [1-2]. 

Active power filtering applications 

widely use synchronous frame based 

strategies [3]. The control design in this 

synchronous d-q frame of reference has the 

advantage that fundamental quantities 

appear as dc values. These strategies require 

transformations. Another popular method is 

to use instantaneous active and reactive 

power theory or (simply p-q theory) which 

originally applies to a three-phase active 

filtering [4]. However the original park 

transformation and p-q theory cannot be 

used directly for the single-phase system. 

The three-phase p-q theory can be applied to 

use with single-phase system by the addition 

of an imaginary variable which is an original 

signal of voltage or current shifted by 90 

degree that is utilized to single-phase 

synchronous d-q reference [5]. 
The current control systems of shunt 

active filters can be divided into two main 

groups, direct current control and indirect 

current control. In the direct current control 

the reference signal is harmonic current. The 

controllers must be designed to inject 

harmonic currents and match reference 

currents with minimum error [6-7]. The 

difficulty in the design is the tracking 

problem in particular for controlling higher 

order harmonics which is not straight-

forward to design the current controller and 

achieve zero steady-state error. While the 

indirect current methods focus on the 
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control of reference source current. Some 

researchers have proposed indirect current 

control methods [8-10] and found that they 

can give satisfactory or better performance 

and some works number of sensors can be 

reduced. 

However, when designed the current 

controller based on indirect method it 

becomes more difficult because the filter 

inductor cannot be directly used as a plant 

transfer function. In this paper, to overcome 

this problem, optimization algorithm by GA 

has been developed for the tuning of 

proportional integral (PI) controller based on 

the indirect current control strategy for a 

single-phase shunt active filter. To obtain 

high performance control response 

optimized values of controller parameters 

are required. The design procedure and the 

principle of the proposed control method are 

proposed and discussed. Simulation results 

are presented to confirm the effectiveness, 

accuracy, and validity of the proposed 

strategy. 

2. Single-Phase Shunt Active 

Filter 
2.1 Conventional Current Control 

The scheme of a single-phase shunt 

active filter with the connection to the main 

supply and nonlinear load is shown in Fig. 1. 

Without the filter connected to the network, 

the supply current (  ) is contaminated by 

the harmonic currents.  
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Fig.1 The conventional scheme of a single-

phase shunt active filter 

The SAF acts as an ideal controlled current 

source and injects antiphase harmonic 

currents, having the same amplitude but the 

phase is inversed, to cancel those drawn by 

nonlinear loads. The filter output voltage 

(    ) is controlled with respect to the 

measured voltage at the point of common 

coupling (    ), to force the active filter 

current (    ) to match its demanded 

(reference) values (   
 ). Basically, the SAF 

performance can be assessed by two aspects, 

the reference current generation method 

used to obtain the harmonic demanded 

current and the control system strategy used 

to control the real current to precisely track 

the demanded harmonic current obtained 

from the reference current generation 

method. 

2.2 Nonlinear load current 
In steady-state condition, the nonlinear 

load current in a single-phase system is a 

periodic signal which contains only odd 

harmonics as a series of sinusoidal 

waveforms which have been summed 

together. By using a Fourier series 

expansion, a nonlinear load current is given 

as: 

0

sin(2 1) cos(2 1) 


   L n ni a n t b n t  (1) 

where ω is the angular frequency of the 

supply voltage. It should be noted that a 

nonlinear load current contains only odd 

harmonic components. 

3. Proposed Control Scheme 

Vs

G1 G3

G2 G4

Rs Ls is iL

ish

iL

is is*

VDC

*VDC

Vs

iDC

Shunt Active Filters

+
_

Lsh

+
_

Linear
load

Nonlinear
load

PWM DriverOptimization 

G1-G4

PI Current 
Controller 

pcc

Reference Source 

+

_PI VoltageController

Current Generation

C

Contactor

Procedure

 
Fig.2 The proposed control scheme 

The propose control scheme is shown in 

Fig. 2. Reference source current generation 

block is used to calculate the reference 

source current (  
 ) from the measured load 

current (    with the use of synchronous 

rotating frame. Since the transformation to 

this frame of reference requires trans-

formation angle ( ), supply voltage is 

measured and a phased-locked loop (PLL) 
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topology is used to provide this angle. There 

are two control loops, a dc-link voltage 

control and source current control. In the dc 

voltage control, (   ) is kept constant at its 

reference a traditional PI controller. The 

output of PI voltage controller (   ) is the d-

axis current. This dc current controls the 

power flow in and out of the capacitor. In 

this work, the source current will be 

controlled therefore     is sent to reference 

generation block in order to correctly 

generate reference source current. The 

source current control employs a simple PI 

controller which controller gains will be 

obtained by the optimization procedure 

based on GA to obtain its best performance. 

3.1 Reference Source Current 

Generation using Single-Phase d-q 

Transformation 
The block diagram used to generate 

reference source current is shown in Fig. 3. 

It is based on a synchronous d-q frame of 

reference. Unlike a three-phase system, in 

order to apply the d-q transformation to a 

single-phase system a modification is 

required. The      is obtained from the 

measurement of    before shifted or delayed 

the signal by π/2. The original signal with a 

delayed signal can be considered as 

equivalent representation of single-phase 

system in α-β frame of reference as in (2). 

Then the load currents in α-β frame of 

reference (       ) are transformed to d-q 

frame of reference using sin ωt and cos ωt 

using (3) and (4). 

( )

( t / 2)







 

   
   

  

L L

L L

i i t

i i
          (2) 

sin cos

cos sin





 
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(sin ) (cos t)

(cos t) (sin t)

 
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 

 
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Ld L L

Lq L L
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i i i
     (4) 

As a result, the load currents in d-q frame of 

reference (    and    ) are obtained. The d-

axis current (   ) and q-axis current (   ) 

will represent the active and reactive power 

components of the load current respectively. 

The d and q-axis currents can be 

decomposed into the dc and ac components 

as given in (5). They are fundamental and 

harmonic currents respectively. 

  
   

    

Ld LdLd

Lq Lq Lq

i i i

i i i
       (5) 

Since the essence of indirect current control 

method is to derive the reference source 

current,      ,       and        are set to zero.  
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Fig.3 Reference source current generation 

using a single-phase synchronous d-q 

reference frame. 

This corresponds to the fact that only 

fundamental active power is demanded by 

the loads. As mentioned, to extract 

fundamental component in load current   

(     ) low pass filter is used as depicted in 

Fig.3. The filtered (dc) signal will be 

summed with     which is the output current 

of voltage controller used to regulate the dc-

link voltage. The summed current (     +   ) 

is then transformed back from synchronous 

reference frame to a stationary reference 

frame using the inverse Park transformation 

in (6). Finally, the reference source current 

(  
 ) is generated as given in (7).  

*

*

sin cos

cos sin 0

Lds DC

s

i t t i i

i t t





 

 

     
     

      
  (6) 

* ( ) ( )sinLdS DCi t i i t       (7) 

3.2 Genetic Algorithms for 

Controller Design 

A GA is a stochastic global for controller 

design search method that is inspired by the 

theories of evolution and natural selection 

[11]. GA operates on a population of 

potential solutions, termed individuals, 

applying the principle of evolution, 

simulated by means of mathematical 
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operations that mimic the process of 

selection, crossover and mutation.  
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Fig.4 The GA-based design routine. 

Fig. 4 shows a basic GA routine. A GA-

based routine starts with a population of 

individuals generated randomly. During 

each iteration, successive populations of 

strings were generated through three 

operators: reproduction, crossover and 

mutation. Reproduction is a process in 

which individuals in the current population 

are evaluated using a measure of their 

objective function values, called fitness 

function. The GA will seek the solution that 

maximizes or minimizes the fitness 

function. A fitness function measures the 

fitness of an individual to survive in a 

population of individuals. Individuals with a 

lower value of fitness function have a higher 

probability of contributing one or more 

offspring in the next generation. The 

selection of fitness function used to evaluate 

fitness of each individual is the crucial step 

and can be defined in many different ways 

based on different target specifications. 

Since the main aim of active filter control is 

to minimize both magnitude and phase error, 

[12] have presented optimization designs of 

controllers for SAF. They used the integral 

of absolute error (IAE) between the 

demanded and measured filter currents as 

fitness function. Unlike direct current 

control, the indirect current control is 

employed in this work. The fitness function 

is therefore defined as the measure of the 

integral of absolute error between the 

demanded and measured source currents as 

given in (8): 

0

*( ) ( ) 
T

S S

t

IAE i t i t dt                (8) 

where    is the starting time and   is the total 

simulation time in each simulation. The 

evaluation of the fitness function does not 

start until    to prevent the effect of all 

simulation initializations which can affect 

the optimization result. 

 The setting parameters for GA routine are 

listed in Table 1. The optimization is 

performed through 50 generations with each 

generation having 20 individuals. At the end 

of the optimization process, the GA returns 

optimum gain parameter. This gain, when 

used within the simulation, provides the least 

IAE possible within the predefined search 

area of the gain parameters. 
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Fig.5 Fitness of best solution against 

iterations. 
 In each simulation, the total simulation 

time is 0.6 seconds. It should be noted that 

the calculation of the fitness function does 

not start until t=0.15s. This prevents 

simulation initialization transients affecting 

the result. After the optimization is 

completed, the GA returns the optimized 

gains which are 4.8535 and 0.1569. The final 

PI controller has the equation in (9). The plot 

of the fitness of the best solution over the 

number of iterations is shown in Fig. 5. 

  ( ) 4.8535 0.1569 / C s s        (9) 

4. Simulation Results 
The proposed control strategy has been 

modeled using MATLAB/SIMULINK and 

SimPowerSystems. The simulations work 

with the component parameters and 

operation conditions given in Table 1. The 

performance of the proposed control 

strategy has been investigated as follows.  

 Fig. 6 and 7 show the current waveforms 

used to generate the source reference current 

(  
 ). After the reference current is achieved, 

the optimized PI controller has been 

evaluated in the presence of a nonlinear load 
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which in this work is an inductively smoothed 

uncontrolled rectifier. Load parameters are 

given in Table 1. 
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Fig.7                          
  

Fig. 8 illustrates the control performance. 

The compensation is set to start at t=0.06 s. 

It can be seen that before starting the 

compensation, the source current and the 

nonlinear load current waveforms are the 

same. After starting the compensation, the 

actual current rapidly tracks the reference 

current and the source current waveform is 

obviously improved. It becomes sinusoidal 

as shown. A total harmonic distortion 

(THD) of the source current is reduced from 

27.06% to 2.86% after the compensation. To 

evaluate the transient performance, a linear 

load (R-L load) is connected to a system via 

a contactor. The connection is take place at 

t=0.12 s. Fig. 9 shows signal waveforms. 

The performance the current control is 

excellent which can be seen that    

accurately follows    
  rapidly. It can be 

noticed from Fig.9 (a) that it takes around 

half a cycle of the source voltage to 

calculate the new reference source current. 

Fig.10 shows the comparison of    and    
  

between using optimized GA controller and 

trial and error controller. It is clearly seen 

that the compensating performance has been 

improved with the proposed controller-total 

harmonic distortion (THD) of source current 

is reduced from 27.06% to 2.86% while in 

case of using trial and error controller is 

reduced to 10.18%. Future works will be the 

optimized design of LPF used for generating 

source reference current and the hardware 

implementation of the proposed system. 
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(b).                  

Fig.8 Performance of SAF: Before and after 

starting compensation at t=0.06 s. 
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 (b).                  

Fig.9 Performance of SAF: Linear loads     

is added at t = 0.12 s. 
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Fig. 10 Comparison of compensating 

performance between GA based controller 

and Trial and error controller 

5. Conclusion 
 This paper presents the control design of a 

single-phase shunt active filter based on an 

indirect current control and the single-phase 

synchronous d-q reference frame to generate 

reference source current. By using an indirect 

current control technique source current 

control can be achieved by using PI controller 

which is preferable for most of commercial 

control system. Optimization of controller 

gains is obtained with GA. A detailed design 

procedure has been presented and applied to 

the current control system. The performance 

of the proposed control strategy has been 

investigated by simulations. The results 

exhibit excellent control of source current 

during both steady state and transient 

conditions. A total harmonic distortion 

(THD) of source current is reduced from 

27.06% to 2.86% in case of nonlinear load 

while it is reduced from 17.83% to 2.06% in 

case of a combined nonlinear load and linear 

load. Thus, with the use of optimization 

procedure such as GA, it can therefore be 

considered as an effective tool for a control 

design for shunt active filter with an indirect 

current control. 

Table 1 Shunt active filter system and 

parameters for simulation test 

AC supply voltage and frequency Vrms = 220 V, 50 Hz 

Nonlinear load(Bridge Rectifier) 
        - inductor and resister  

 
20 mH, 10 Ω 

Linear load 25 mH, 20 Ω 

AC side impedance 0.1 mH, 0.5 Ω 

Active Filter impedance 3.3 mH, 0.3 Ω 

DC voltage reference 400 V 

DC-link capacitor 2200 µF 

Inverter Rating 5 kVA 

Switching frequency 20 kHz 

Sampling time 2 µs 

Switching device IGBT 

GA: Kp gain range [0-10] 

GA: Ki gain range [0-10] 

GA generation gap 0.9 

GA crossover rate 0.7 

GA mutation rate 0.05 
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